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Clinical PerspectiveWhat Is New?Blood pressure guidelines for patients with aortic stenosis (before valve replacement) or with a history of aortic stenosis after valve replacement match those for the general population, but little research has been done to evaluate whether the distinct characteristics of these patients warrant different blood pressure targets.This is the second moderately large study to demonstrate an adverse association between lower systolic and diastolic blood pressure values early after valve replacement for aortic stenosis and increased subsequent mortality. Specifically, systolic blood pressure values \<120 to 130 mm Hg, which are currently targeted in clinical practice, were associated with harm.What Are the Clinical Implications?Given that this is a retrospective analysis with limited blood pressure measurements and a lack of rigorous medication tracking, a randomized study appears to be warranted to evaluate whether patients with lower blood pressure after valve replacement would benefit from efforts to raise their blood pressure.More research is needed to better understand the factors that contribute to blood pressure and other vascular properties early after valve replacement; and the relative contribution of diastolic blood pressure versus systolic blood pressure to clinical outcomes.

Introduction {#jah34521-sec-0009}
============

For patients with aortic stenosis (AS), the American and European guidelines for the management of patients with valvular heart disease recommend treating hypertension according to standard blood pressure guidelines.[1](#jah34521-bib-0001){ref-type="ref"}, [2](#jah34521-bib-0002){ref-type="ref"} In patients with a history of AS who have undergone aortic valve replacement (AVR), the valve guidelines provide no specific recommendations for blood pressure management.[1](#jah34521-bib-0001){ref-type="ref"}, [2](#jah34521-bib-0002){ref-type="ref"}

Accordingly, the treatment of blood pressure in patients with AS or in patients with a history of AS treated with AVR matches those in the general population.[3](#jah34521-bib-0003){ref-type="ref"} The recent American College of Cardiology/American Heart Association blood pressure guidelines define normal blood pressure as a systolic blood pressure (SBP) \<120 mm Hg and diastolic blood pressure (DBP) \<80 mm Hg.[3](#jah34521-bib-0003){ref-type="ref"} Prescription of blood pressure‐lowering medication is recommended for patients with stage I hypertension (SBP 130--139 mm Hg or DBP 80--89 mm Hg) and with a prior cardiovascular event or at high risk for one. These criteria would apply to most patients with AS before and after AVR.[3](#jah34521-bib-0003){ref-type="ref"} Other large meta‐analyses recommend a target SBP \<130 mm Hg as well.[4](#jah34521-bib-0004){ref-type="ref"}, [5](#jah34521-bib-0005){ref-type="ref"} The SPRINT (Systolic Blood Pressure Intervention Trial) showed that targeting an SBP \<120 mm Hg yields better clinical outcomes than a target of \<140 mm Hg, a finding which was also observed in patients aged \>75 years regardless of their relative fitness or frailty.[6](#jah34521-bib-0006){ref-type="ref"}, [7](#jah34521-bib-0007){ref-type="ref"} In patients treated with AVR, it would seem advantageous to try to treat hypertension to optimize unloading of the left ventricle as an adjunct to unloading from valve replacement.[8](#jah34521-bib-0008){ref-type="ref"} Furthermore, several retrospective observational studies have shown improved long‐term clinical outcomes for patients taking inhibitors of the renin‐angiotensin system after AVR.[9](#jah34521-bib-0009){ref-type="ref"}, [10](#jah34521-bib-0010){ref-type="ref"}, [11](#jah34521-bib-0011){ref-type="ref"} However, we recently observed that lower SBP (SBP 100--129 mm Hg compared with SBP 130--170 mm Hg) after transcatheter AVR (TAVR) was associated with increased mortality, even after multivariable adjustment, raising concern about optimal blood pressure targets after valve replacement in patients with AS.[12](#jah34521-bib-0012){ref-type="ref"}

In the present study, we aimed to clarify the relationship between blood pressure and clinical outcomes in a large group of patients with AS treated with TAVR or surgical AVR (SAVR). We analyzed the relationships between SBP and DBP and clinical outcomes separately and looked for thresholds below or above which risk increased. We hypothesized that lower SBP and DBP measurements, including levels commonly targeted in blood pressure guidelines, would be associated with increased mortality. These findings could have important implications for establishing specific blood pressure targets in patients with AS treated with AVR.

Methods {#jah34521-sec-0010}
=======

The data, analytic methods, and study materials are owned by the sponsor and will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.

Study Population {#jah34521-sec-0011}
----------------

Among 3033 patients with severe, symptomatic AS at intermediate, high, or extreme surgical risk who underwent SAVR or TAVR in a previously published clinical trial, 2897 patients with a SBP recorded at discharge or 30 days were included in this analysis. There were no patients alive at 30 days without a discharge or 30‐day SBP. Patients were excluded for: an early post‐AVR SBP (average of the discharge and 30‐day measurements) of \<90 mm Hg (n=2) or ≥180 mm Hg (n=14); or death before 30 days (n=113); or withdrawal or loss to follow‐up (n=7). The design, inclusion and exclusion criteria, definitions for clinical variables, and primary results of the extreme, high risk, and intermediate risk trials including patients considered for this analysis have been reported.[13](#jah34521-bib-0013){ref-type="ref"}, [14](#jah34521-bib-0014){ref-type="ref"}, [15](#jah34521-bib-0015){ref-type="ref"} The study protocols were approved by the institutional review board at each enrolling site, and all patients provided written informed consent.

Blood Pressure, Vascular Parameters, and Echocardiography {#jah34521-sec-0012}
---------------------------------------------------------

Heart rate and blood pressure measurements were obtained before AVR at a baseline clinical visit and after AVR at discharge and 30 days. Early post‐AVR measurements reflect an average of discharge and 30‐day values when both were available (96% of patients) or only one of them. Mean arterial pressure was calculated as: diastolic blood pressure+(1/3×pulse pressure).[3](#jah34521-bib-0003){ref-type="ref"} Systemic arterial compliance, systemic vascular resistance, and valvuloarterial impedance were calculated as described previously.[12](#jah34521-bib-0012){ref-type="ref"} These parameters, which required measurements from an echocardiogram, were obtained before AVR using measurements from the baseline echocardiogram and after AVR using measurements from the discharge echocardiogram. All echocardiograms were evaluated and measurements made by a core laboratory.

Clinical End Points {#jah34521-sec-0013}
-------------------

Our primary end point was all‐cause death between 30 days and 1 year after AVR. Secondary end points included cardiovascular death, non‐cardiovascular death, aortic valve‐related hospitalizations, stroke, and myocardial infarction between 30 days and 1 year and Kansas City Cardiomyopathy Questionnaire overall summary score, left ventricular (LV) mass index, LV ejection fraction (LVEF), and 6‐minute walk distance 1 year after AVR.

Statistical Analysis {#jah34521-sec-0014}
--------------------

Continuous variables are summarized as mean±SD and were compared between groups using the independent samples t‐test or Mann‐Whitney *U*‐test for skew‐distributed data. Categorical variables were compared between groups with the Chi‐square or Fisher exact test, as appropriate. The relationships between early post‐AVR SBP and DBP and clinical variables were graphically examined using scatterplots and calculation of the Pearson sample correlation coefficient.

To evaluate the associations between blood pressure and clinical outcomes, early post‐AVR SBP and DBP were analyzed separately using continuous and categorical BP variables. In both cases, univariable and multivariable Cox proportional hazards regression models were fitted. For the continuous case, BP was included in the model via a restricted cubic spline (with 5 knots placed at 5 evenly spaced percentiles of the BP variable, namely the 16.6th, 33.3th, 50th, 66.6th, and 83.3th percentiles) transformation, which was used to account for a potential non‐linear association between blood pressure and log‐hazard. For graphical inspection, reference values of 130 mm Hg (SBP) and 70 mm Hg (DBP) were used. Linearity between BP and log‐hazard of the outcome was statistically tested using a test described by Harrell.[16](#jah34521-bib-0016){ref-type="ref"} Sensitivity analyses were performed excluding patients with moderate or severe aortic regurgitation (AR) on their discharge echocardiogram.

For the categorical case, early post‐AVR DBP was categorized as: 30 to \<60; 60 to \<80 (referent); and 80 to \<100 mm Hg, and early post‐AVR SBP was categorized as: 90 to \<120; 120 to \<150 (referent); and 150 to \<180 mm Hg. Cox proportional hazards models were also used to to test for interactions between each adjustment covariate (listed below) and BP category, and those with interactions meeting *P*\<0.05 further assessed and the corresponding subgroup estimated hazard ratios reported. In addition, survival estimates for time‐to‐event outcomes, based on all available follow‐up data, were estimated using the Kaplan--Meier method, and were compared between BP categories (either increments of 10 mm Hg or the aforementioned specified categories) using the log‐rank test.

For continuous outcomes (Kansas City Cardiomyopathy Questionnaire, LV mass index, LVEF, and 6‐minute walk distance), the mean difference from the referent category was estimated using multivariable linear regression modeling, with adjustment made for the baseline measurement of the variable of interest.

To identify variables for adjustment, we considered 41 baseline clinical factors, discharge medications, discharge echocardiographic parameters, and post‐procedure complications occurring until 30 days (Table [S1](#jah34521-sup-0001){ref-type="supplementary-material"}). Those factors with a univariable association (*P*\<0.10) with mortality between 30 days and 1 year were considered for stepwise selection (entry/stay criteria of 0.1/0.1) to identify a parsimonious set of covariates to include in our multivariable spline and categorical models: type of treatment (TAVR versus SAVR) (forced into the adjustment models), body mass index, New York Heart Association (III/IV versus I/II), peripheral vascular disease, use of home oxygen, prior atrial fibrillation/flutter, liver cirrhosis, immunosuppressive therapy, 5‐m gait speed, whether the patient lived independently, early (between the procedure and 30 days) stroke (any), early life threatening or disabling or major bleed, early acute kidney injury, early myocardial infarction (Table [S2](#jah34521-sup-0001){ref-type="supplementary-material"}).

All statistical analyses were performed with SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results {#jah34521-sec-0015}
=======

Patient Population {#jah34521-sec-0016}
------------------

Among 2897 patients included in this analysis with severe, symptomatic AS at intermediate, high, or extreme surgical risk receiving SAVR or TAVR, 578 were treated in the pivotal extreme risk trial, 706 were treated in the pivotal high‐risk randomized trial, and 1613 were treated in the pivotal intermediate risk trial. Table [1](#jah34521-tbl-0001){ref-type="table"} shows baseline characteristics and correlations with early post‐AVR SBP and DBP for the whole population and the patients undergoing TAVR and SAVR. The correlation between discharge and 30‐day SBP was 0.24 and the correlation between discharge and 30‐day DBP was 0.23. The clinical characteristics were as expected for this patient population. Although there are statistically significant correlations between many of the parameters and early post‐AVR SBP and DBP, these correlations are uniformly weak. Interestingly, the correlation between pre‐AVR SBP and early post‐AVR SBP is 0.32 and the correlation between pre‐AVR DBP and early post‐AVR DBP is 0.28. Table [2](#jah34521-tbl-0002){ref-type="table"} shows data on post‐AVR vascular and echocardiographic parameters. While there are some expected correlations between early post‐AVR SBP and DBP with other vascular parameters, the correlations with echocardiographic parameters are notably weak. The correlation between early post‐AVR SBP and DBP was 0.35. SBP and DBP are reported for pre‐AVR, discharge, and 30‐day time points in Table [S3](#jah34521-sup-0001){ref-type="supplementary-material"}.

###### 

Baseline Characteristics and Associations With Early Post‐AVR Systolic and Diastolic Blood Pressures

                                       All Patients (n=2897)   Correlation (*r*) With Early Post‐AVR SBP       Correlation (*r*) With Early Post‐AVR DBP       TAVR (n=1794)   SAVR (n=1103)
  ------------------------------------ ----------------------- ----------------------------------------------- ----------------------------------------------- --------------- ---------------
  Clinical                                                                                                                                                                     
  Age, y                               81±7                    0.06[\*](#jah34521-note-0003){ref-type="fn"}    −0.05[\*](#jah34521-note-0003){ref-type="fn"}   81±7            81±6
  Women, %                             46                      0.11[\*](#jah34521-note-0003){ref-type="fn"}    −0.00                                           47              45
  Body mass index, kg/m^2^             29±6                    0.00                                            0.02                                            29±6            29±6
  NYHA class III/IV, %                 72                      −0.06[\*](#jah34521-note-0003){ref-type="fn"}   −0.11[\*](#jah34521-note-0003){ref-type="fn"}   76              67
  STS score                            6.3±3.9                 0.03                                            −0.13[\*](#jah34521-note-0003){ref-type="fn"}   6.9±4.4         5.4±2.6
  Diabetes mellitus, %                 37                      0.03                                            −0.05[\*](#jah34521-note-0003){ref-type="fn"}   36              38
  Creatinine \>2 mg/dL, %              3                       0.04[\*](#jah34521-note-0003){ref-type="fn"}    0.00                                            3               3
  History of hypertension, %           93                      0.08[\*](#jah34521-note-0003){ref-type="fn"}    −0.01                                           93              92
  Peripheral vascular disease, %       35                      0.02                                            −0.04[\*](#jah34521-note-0003){ref-type="fn"}   36              33
  Prior stroke, %                      10                      −0.05[\*](#jah34521-note-0003){ref-type="fn"}   −0.01                                           10              9
  COPD, %                              43                      −0.03                                           −0.01                                           46              37
  Home oxygen, %                       11                      −0.07[\*](#jah34521-note-0003){ref-type="fn"}   −0.09[\*](#jah34521-note-0003){ref-type="fn"}   14              5
  Coronary artery disease, %           70                      −0.03                                           −0.08[\*](#jah34521-note-0003){ref-type="fn"}   71              68
  Previous myocardial infarction, %    20                      −0.07[\*](#jah34521-note-0003){ref-type="fn"}   −0.03                                           22              18
  Atrial fibrillation/flutter, %       35                      −0.11[\*](#jah34521-note-0003){ref-type="fn"}   −0.00                                           37              32
  Cirrhosis, %                         1.3                     −0.05[\*](#jah34521-note-0003){ref-type="fn"}   −0.02                                           1.6             1.0
  Immunosuppressive therapy, %         10                      −0.02                                           −0.01                                           10              9
  Frailty                                                                                                                                                                      
  BMI \<21 kg/m^2^                     4.7                     −0.01                                           0.02                                            5.6             3.3
  5‐m gait speed (seconds)             8.8±12.4                −0.03                                           −0.04[\*](#jah34521-note-0003){ref-type="fn"}   9.5±15.3        7.7±5.1
  Grip strength \< frail threshold     66                      −0.03                                           −0.06[\*](#jah34521-note-0003){ref-type="fn"}   67              65
  MMSE score                           27±3                    0.01                                            0.08[\*](#jah34521-note-0003){ref-type="fn"}    27±3            27±3
  Wheelchair bound                     4.5                     0.02                                            −0.05[\*](#jah34521-note-0003){ref-type="fn"}   5.9             2.3
  ADLs (\# independent)                5.8±0.8                 −0.00                                           0.06[\*](#jah34521-note-0003){ref-type="fn"}    5.7±0.9         5.9±0.6
  CT measurements                                                                                                                                                              
  Ascending aortic dimension, mm       33±3                    −0.04[\*](#jah34521-note-0003){ref-type="fn"}   0.04                                            33±3            33±3
  Sinotubular junction dimension, mm   28±3                    −0.07[\*](#jah34521-note-0003){ref-type="fn"}   0.04                                            28±3            28±3
  Sinuses of Valsalva width, mm        32±5                    −0.07[\*](#jah34521-note-0003){ref-type="fn"}   0.03                                            32±5            32±3
  Pre‐AVR vascular parameters                                                                                                                                                  
  Heart rate, bpm                      72±12                   −0.10[\*](#jah34521-note-0003){ref-type="fn"}   0.01                                            72±12           71±13
  Systolic blood pressure, mm Hg       136±20                  0.32[\*](#jah34521-note-0003){ref-type="fn"}    0.14[\*](#jah34521-note-0003){ref-type="fn"}    134±19          138±21
  Diastolic blood pressure, mm Hg      69±11                   0.07[\*](#jah34521-note-0003){ref-type="fn"}    0.28[\*](#jah34521-note-0003){ref-type="fn"}    68±10           71±11
  Mean arterial pressure, mm Hg        91±12                   0.22[\*](#jah34521-note-0003){ref-type="fn"}    0.25[\*](#jah34521-note-0003){ref-type="fn"}    90±11           93±13
  Pulse pressure, mm Hg                67±18                   0.31[\*](#jah34521-note-0003){ref-type="fn"}    −0.01                                           66±18           67±19
  Systemic arterial compliance         0.7±0.3                 −0.14[\*](#jah34521-note-0003){ref-type="fn"}   −0.00                                           0.7±0.3         0.7±0.3
  Systemic vascular resistance         2902±935                0.00                                            0.04                                            2896±954        2908±911
  Valvuloarterial impedance            4.7±1.4                 0.04                                            0.10[\*](#jah34521-note-0003){ref-type="fn"}    4.7±1.4         4.8±1.4
  Valves implanted                                                                                                                                                             
  Size of SAVR valve                   ···                     −0.11[\*](#jah34521-note-0003){ref-type="fn"}   0.02                                            ···             22.9±2.1
  Type of TAVR valve (CoreValve %)     ···                     0.04                                            0.04                                            92              ···
  Size of TAVR valve                   ···                     −0.08[\*](#jah34521-note-0003){ref-type="fn"}   0.06[\*](#jah34521-note-0003){ref-type="fn"}    28.5±1.9        ···

Data shown as percentage or mean±SD. ADL indicates activities of daily living; AVR, aortic valve replacement; BMI, body mass index; COPD, chronic obstructive pulmonary disease; MMSE, mini‐mental status examination; NYHA, New York Heart Association; SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgeons; TAVR, transcatheter aortic valve replacement.

*P*\<0.05.

###### 

Post‐AVR Vascular and Echocardiographic Characteristics and Associations With Early Post‐AVR Systolic and Diastolic Blood Pressures

                                               All Patients (n=2897)   Correlation (*r*) With Early Post‐AVR SBP       Correlation (*r*) With Early Post‐AVR DBP       TAVR (n=1794)   SAVR (n=1103)
  -------------------------------------------- ----------------------- ----------------------------------------------- ----------------------------------------------- --------------- ---------------
  Post‐AVR vascular parameters                                                                                                                                                         
  Heart rate, bpm                              75±11                   −0.12[\*](#jah34521-note-0005){ref-type="fn"}   0.15[\*](#jah34521-note-0005){ref-type="fn"}    74±10           77±11
  Systolic blood pressure, mm Hg               132±15                  ···                                             0.35[\*](#jah34521-note-0005){ref-type="fn"}    134±15          130±15
  Diastolic blood pressure, mm Hg              64±9                    0.35[\*](#jah34521-note-0005){ref-type="fn"}    ···                                             63±9            66±9
  Mean arterial pressure, mm Hg                87±9                    0.79[\*](#jah34521-note-0005){ref-type="fn"}    0.85[\*](#jah34521-note-0005){ref-type="fn"}    87±9            87±9
  Pulse pressure, mm Hg                        68±15                   0.82[\*](#jah34521-note-0005){ref-type="fn"}    −0.25[\*](#jah34521-note-0005){ref-type="fn"}   71±15           63±14
  Systemic arterial compliance (discharge)     0.6±0.2                 −0.35[\*](#jah34521-note-0005){ref-type="fn"}   0.13[\*](#jah34521-note-0005){ref-type="fn"}    0.6±0.2         0.6±0.3
  Systemic vascular resistance (discharge)     2591±876                0.13[\*](#jah34521-note-0005){ref-type="fn"}    0.29[\*](#jah34521-note-0005){ref-type="fn"}    2565±861        2654±908
  Valvuloarterial impedance (discharge)        3.9±1.3                 0.17[\*](#jah34521-note-0005){ref-type="fn"}    0.19[\*](#jah34521-note-0005){ref-type="fn"}    3.9±1.2         4.1±1.3
  Post‐AVR echocardiographic parameters                                                                                                                                                
  LVEF, %                                      60±11                   0.17[\*](#jah34521-note-0005){ref-type="fn"}    −0.00                                           60±11           60±11
  Stroke volume index                          38±11                   0.13[\*](#jah34521-note-0005){ref-type="fn"}    −0.10[\*](#jah34521-note-0005){ref-type="fn"}   39±11           37±11
  LV end‐diastolic diameter                    49±7                    −0.02                                           −0.06[\*](#jah34521-note-0005){ref-type="fn"}   49±7            47±7
  LV end‐systolic diameter                     32±7                    −0.12[\*](#jah34521-note-0005){ref-type="fn"}   −0.01                                           31±7            32±8
  LV mass index                                113±33                  0.04                                            −0.07[\*](#jah34521-note-0005){ref-type="fn"}   116±34          106±30
  Effective orifice area index                 1.0±0.3                 0.02                                            −0.02                                           1.1±0.3         0.9±0.3
  Transvalvular mean gradient                  11±5                    0.03                                            0.03                                            9±4             13±6
  Moderate or severe aortic regurgitation, %   5.0                     −0.00                                           −0.10[\*](#jah34521-note-0005){ref-type="fn"}   7.4             0.9
  Moderate or severe mitral regurgitation, %   6.5                     −0.02                                           −0.10[\*](#jah34521-note-0005){ref-type="fn"}   8.3             3.5
  E/e'                                         19±8                    0.04[\*](#jah34521-note-0005){ref-type="fn"}    −0.06[\*](#jah34521-note-0005){ref-type="fn"}   20±9            19±8

Data shown as percentage or mean±SD. AVR indicates aortic valve replacement; E/e', Mitral inflow E wave velocity/tissue Doppler e'; LVEF, left ventricular ejection fraction; LV, left ventricular; SAVR, surgical aortic valve replacement, TAVR, transcatheter aortic valve replacement.

*P*\<0.05.

Early Post‐AVR Blood Pressure, Mortality, and Hospitalizations {#jah34521-sec-0017}
--------------------------------------------------------------

Kaplan Meier estimates for 30 day to 1 year all‐cause and cardiovascular mortality are shown for DBP and SBP in increments of 10 mmg for all patients and then the subgroups treated with TAVR or SAVR (Tables [S4](#jah34521-sup-0001){ref-type="supplementary-material"} and [S5](#jah34521-sup-0001){ref-type="supplementary-material"}). Adjusted restricted cubic spline curves demonstrate the relationship between early post‐AVR DBP and SBP and 30 day to 1 year all‐cause and cardiovascular mortality (Figures [1](#jah34521-fig-0001){ref-type="fig"}A, [1](#jah34521-fig-0001){ref-type="fig"}B and [2](#jah34521-fig-0002){ref-type="fig"}A, [2](#jah34521-fig-0002){ref-type="fig"}B). In each case, the relationship is non‐linear. Below the cutoff value of ≈60 mm Hg, lower DBP was associated with a steady increase in all‐cause and cardiovascular mortality as DBP decreased, whereas higher DBP (60--100 mm Hg) was not associated with increased mortality. Similarly, lower SBP, ≈ \<120 mm Hg, was associated with an increase in all‐cause and cardiovascular mortality as SBP decreased, whereas higher SBP (120--180 mm Hg) was not associated with increased mortality. In a sensitivity analysis excluding patients (n=128) with moderate‐to‐severe aortic regurgitation on their discharge echocardiogram, these relationships and approximate cutoff values were essentially unchanged (Figure [S1](#jah34521-sup-0001){ref-type="supplementary-material"}). In contrast, there was no significant association between early post‐AVR DBP or SBP and 30‐day to 1‐year non‐cardiovascular mortality (Figures [1](#jah34521-fig-0001){ref-type="fig"}C and [2](#jah34521-fig-0002){ref-type="fig"}C). With respect to repeat aortic valve‐related hospitalization, an early post‐AVR DBP \<60 to 65 mm Hg and early post‐AVR SBP \<120 mm Hg were associated with increased risk (Figures [1](#jah34521-fig-0001){ref-type="fig"}D and [2](#jah34521-fig-0002){ref-type="fig"}D).

![Post‐aortic valve replacement diastolic blood pressure and outcomes. Cox proportional hazard models were performed using restricted cubic splines technique. The association between early post‐aortic valve replacement diastolic blood pressure and all‐cause (**A**), cardiovascular (**B**), and non‐cardiovascular (**C**) 30‐day to 1‐year mortality are shown as well as the association with aortic valve‐related hospitalization (**D**) between 30 days and 1 year. Adjustment was made for: transcatheter aortic valve replacement (vs surgical aortic valve replacement), body mass index, New York Heart Association (III/IV vs I/II), peripheral vascular disease, home oxygen use, prior atrial fibrillation/flutter, liver cirrhosis, immunosuppressive therapy, 5 m gait speed, independent living, early stroke, early life threatening or disabling or major bleed, acute kidney injury, and early myocardial infarction. AVR indicates aortic valve replacement; DBP, diastolic blood pressure.](JAH3-8-e014020-g001){#jah34521-fig-0001}

![Post‐aortic valve replacement systolic blood pressure and outcomes. Cox proportional hazard models were performed using restricted cubic splines technique. The association between early post‐aortic valve replacement systolic blood pressure and all‐cause (**A**), cardiovascular (**B**), and non‐cardiovascular (**C**) 30‐day to 1‐year mortality are shown as well as the association with aortic valve‐related hospitalization (**D**) between 30 days and 1 year. Adjustment was made for the same variables as in Figure [1](#jah34521-fig-0001){ref-type="fig"}. AVR indicates aortic valve replacement; SBP, systolic blood pressure.](JAH3-8-e014020-g002){#jah34521-fig-0002}

In categorical analyses, after adjustment and compared with an early post‐AVR DBP 60 to \<80 mm Hg, a DBP of 30 to \<60 mm Hg was associated with increased all‐cause (adjusted hazard ratio 1.62, 95% CI 1.23--2.14) and cardiovascular mortality (adjusted hazard ratio 2.13, 95% CI 1.52--3.00), but DBP 80 to \<100 mm Hg was not (Table [3](#jah34521-tbl-0003){ref-type="table"}). An early post‐AVR DBP \<60 mm Hg was observed in 867 (30%) patients. After adjustment and compared with an early post‐AVR SBP 120 to \<150 mm Hg, an SBP of 90 to \<120 mm Hg was associated with increased all‐cause (adjusted hazard ratio 1.63, 95% CI 1.21--2.21) and cardiovascular mortality (adjusted hazard ratio 1.81, 95% CI 1.25--2.61), but SBP 150 to \<180 mm Hg was not (Table [3](#jah34521-tbl-0003){ref-type="table"}). An early post‐AVR SBP \<120 mm Hg was observed in 622 (21%) of patients. When early post‐AVR DBP and SBP were both included in the models, the association between a lower DBP and increased all‐cause and cardiovascular mortality persisted, whereas the association between lower SBP and increased mortality was attenuated (Table [S6](#jah34521-sup-0001){ref-type="supplementary-material"}). The association between lower early post‐AVR DBP and SBP and increased mortality was consistent across multiple sub‐groups, including those defined by type of procedure (TAVR versus SAVR), age, sex, patient risk, severity of frailty, number of antihypertensive medications, severity of AR, LV function, aortic dimensions, and valve type and size (Tables [S7--S10](#jah34521-sup-0001){ref-type="supplementary-material"}).

###### 

Clinical Outcomes According to Early[\*](#jah34521-note-0007){ref-type="fn"} Post‐AVR Diastolic Blood Pressure and Systolic Blood Pressure (All TAVR and SAVR Patients)

  Early Post‐AVR Diastolic Blood Pressure                                                                                                       
  ----------------------------------------- ------------------- ------------------- ------------------- ------------------- ------------------- --------------------
  30 to \<60                                1.62 (1.23--2.14)   2.13 (1.52--3.00)   0.94 (0.57--1.55)   1.58 (1.17--2.15)   1.22 (0.72--2.07)   1.33 (0.49--3.64)
  60 to \<80 (reference)                    1.0                 1.0                 1.0                 1.0                 1.0                 1.0
  80 to \<100                               1.18 (0.57--2.43)   0.79 (0.25--2.54)   1.65 (0.65--4.20)   1.08 (0.47--2.48)   0.42 (0.06--3.05)   3.09 (0.68--14.13)

  Early Post‐AVR Systolic Blood Pressure                                                                                                       
  ---------------------------------------- ------------------- ------------------- ------------------- ------------------- ------------------- -------------------
  90 to \<120                              1.63 (1.21--2.21)   1.81 (1.25--2.61)   1.33 (0.79--2.24)   1.50 (1.07--2.12)   1.03 (0.55--1.91)   2.15 (0.73--6.34)
  120 to \<150 (reference)                 1.0                 1.0                 1.0                 1.0                 1.0                 1.0
  150 to \<180                             1.05 (0.67--1.64)   1.03 (0.58--1.83)   1.07 (0.52--2.20)   0.83 (0.49--1.38)   1.19 (0.57--2.46)   1.16 (0.32--4.19)

AVR indicates aortic valve replacement; DBP, diastolic blood pressure; SAVR, surgical aortic valve replacement; SBP, systolic blood pressure; TAVR, transcatheter aortic valve replacement.

Early was the period between the procedure and 30 days.

Adjusted for TAVR (vs SAVR), body mass index, New York Heart Association (III/IV vs I/II), peripheral vascular disease, on home oxygen, prior atrial fibrillation/flutter, liver cirrhosis, immunosuppressive therapy, 5‐meter gait speed, does not live independently, early stroke (any), early life threatening or disabling or major bleed, early acute kidney injury, early myocardial infarction.

When looking at groups defined by an early post‐AVR DBP \<60 versus ≥60 mm Hg and SBP \<120 versus ≥120 mm Hg, a DBP \<60 mm Hg appeared to have more of an adverse influence than an SBP \<120 mm Hg with the highest mortality observed in those with a DBP \<60 mm Hg and SBP \<120 mm Hg (Figure [3](#jah34521-fig-0003){ref-type="fig"}). We also evaluated 30‐day to 1‐year all‐cause and cardiovascular mortality for groups defined by a discharge DBP \<60 versus ≥60 mm Hg and 30‐day DBP \<60 versus ≥60 mm Hg (Figure [4](#jah34521-fig-0004){ref-type="fig"}). Mortality was the highest in those with persistent DBP \<60 mm Hg followed by those with a discharge DBP ≥60 mm Hg but then a 30‐day DBP \<60 mm Hg. Mortality was similar in those with a 30‐day DBP ≥60 mm Hg regardless of their discharge DBP. When similar analyses were performed based on discharge and 30‐day SBP, the relationships seen for DBP were not as apparent, although an SBP \<120 mm Hg at 30 days, regardless of discharge SBP, tended to be associated with the highest all‐cause mortality rates (Figure [S2](#jah34521-sup-0001){ref-type="supplementary-material"}).

![Post‐aortic valve replacement systolic and diastolic blood pressure and outcomes. Kaplan--Meier curves are shown for all‐cause (**A**) and cardiovascular (**B**) mortality between 30 days and 1 year for early post‐aortic valve replacement blood pressure groups defined by systolic blood pressure ≥120 vs \<120 mm Hg and diastolic blood pressure ≥60 vs \<60 mm Hg. AVR indicates aortic valve replacement; DBP, diastolic blood pressure; SBP, systolic blood pressure.](JAH3-8-e014020-g003){#jah34521-fig-0003}

![Discharge and 30‐day diastolic blood pressure and outcomes. Kaplan--Meier curves are shown for all‐cause (**A**) and cardiovascular (**B**) mortality between 30 days and 1 year for diastolic blood pressure groups defined by discharge diastolic blood pressure ≥60 vs \<60 mm Hg and 30‐day diastolic blood pressure ≥60 vs \<60 mm Hg. DBP indicates diastolic blood pressure.](JAH3-8-e014020-g004){#jah34521-fig-0004}

Stroke and Myocardial Infarction {#jah34521-sec-0018}
--------------------------------

Adjusted restricted cubic spline curves demonstrate no significant relationships between any level of early post‐AVR DBP or SBP and the 30‐day to 1‐year hazard for stroke or myocardial infarction (Figures [S3](#jah34521-sup-0001){ref-type="supplementary-material"} and [S4](#jah34521-sup-0001){ref-type="supplementary-material"}). This was corroborated by the categorical analyses shown in Table [3](#jah34521-tbl-0003){ref-type="table"}.

Quality of Life, Walk Distance, and the Left Ventricle {#jah34521-sec-0019}
------------------------------------------------------

Compared with an early post‐AVR DBP 60 to \<80 mm Hg and adjusted for baseline values, a DBP 30 to \<60 mm Hg was associated with a shorter 6‐minute walk distance at 1 year after AVR (Table [4](#jah34521-tbl-0004){ref-type="table"}). No significant associations were observed between early post‐AVR DBP and quality of life, LV mass index, or LVEF at 1 year after AVR. For early post‐AVR SBP, there were no significant associations observed with 1‐year 6‐minute walk distance, quality of life, or LV mass index or LVEF (Table [4](#jah34521-tbl-0004){ref-type="table"}).

###### 

Additional 1 Year Clinical End Points According to Early Post‐AVR DBP and SBP (All TAVR and SAVR Patients)

  Early[\*](#jah34521-note-0010){ref-type="fn"} Post‐AVR Diastolic Blood Pressure (DBP)                                                                        
  --------------------------------------------------------------------------------------- --------------------- ------------------------ --------------------- ---------------------
  30 to \<60                                                                              −1.06 (−2.86, 0.74)   −14.69 (−25.56, −3.83)   1.18 (−1.66, 4.03)    −0.07 (−0.91, 0.77)
  60 to \<80 (reference)                                                                  ···                   ···                      ···                   ···
  80 to \<100                                                                             −0.77 (−4.59, 3.05)   −1.73 (−24.85, 21.38)    −2.02 (−8.04, 4.01)   0.72 (−1.05, 2.49)

  Early Post‐AVR Systolic Blood Pressure (SBP)                                                                      
  ---------------------------------------------- --------------------- ----------------------- -------------------- ---------------------
  90 to \<120                                    −1.57 (−3.62, 0.48)   −1.94 (−14.34, 10.47)   1.73 (−1.54, 5.00)   −0.15 (−1.11, 0.81)
  120 to \<150 (reference)                       ···                   ···                     ···                  ···
  150 to \<180                                   0.00 (−2.38, 2.39)    −5.83 (−20.04 8.37)     1.61 (−2.18, 5.40)   0.68 (−0.45, 1.81)

AVR indicates aortic valve replacement; DBP, diastolic blood pressure; KCCQ, Kansas City Cardiomyopathy Questionnaire; LV, left ventricular; LVEF, left ventricular ejection fraction; SAVR, surgical aortic valve replacement; SBP, systolic blood pressure; TAVR, transcatheter aortic valve replacement.

Early was the period between the procedure and 30 days.

Adjusted for baseline value.

Medications {#jah34521-sec-0020}
-----------

Among those with an early post‐AVR DBP 30 to \<60 mm Hg, at least 89% and 39% were on ≥1 blood pressure‐lowering medication at discharge and 30 days, respectively, and at least 41% and 19% were on ≥2 blood pressure‐lowering medications at discharge and 30 days, respectively (Table [S11](#jah34521-sup-0001){ref-type="supplementary-material"}). Similarly, among those with an early post‐AVR SBP 90 to \<120 mm Hg, at least 87% and 43% were on ≥1 blood pressure‐lowering medication at discharge and 30 days, respectively, and at least 40% and 22% were on ≥2 blood pressure‐lowering medications at discharge and 30 days, respectively (Table [S12](#jah34521-sup-0001){ref-type="supplementary-material"}).

Discussion {#jah34521-sec-0021}
==========

In 2897 patients with severe symptomatic AS undergoing SAVR or TAVR, we showed that lower DBP (\<60 mm Hg) and SBP (\<120 mm Hg) in the first month after AVR were associated with increased 30‐day to 1‐year all‐cause and cardiovascular mortality and a higher rate of hospital readmission. These associations were significant after adjustment, in sensitivity analyses excluding patients with moderate or severe aortic regurgitation, and across multiple subgroups. Between the 2, lower DBP had the stronger association with adverse outcomes. Sustained DBP \<60 mm Hg (at discharge and 30 days) was associated with the highest 30‐day to 1‐year mortality. Notably, early post‐AVR DBP \<60 mm Hg and SBP \<120 mm Hg were common, observed in 30% and 21% of the cohort, respectively. Many patients with lower blood pressure values were taking ≥1 blood pressure lowering medications. Collectively, these data combined with other reports suggest that invigorated attention to blood pressure after AVR is warranted to optimize outcomes and that blood pressure goals in these patients may need to be higher than in the general population. These findings are particularly relevant as recent observational studies have suggested a potential benefit of inhibitors of the renin‐angiotensin system after AVR without specifically considering any lower blood pressure limits.[9](#jah34521-bib-0009){ref-type="ref"}, [10](#jah34521-bib-0010){ref-type="ref"}, [11](#jah34521-bib-0011){ref-type="ref"}

These findings confirm and extend those recently made from the PARTNER (Placement of Aortic Transcatheter Valves) trial and other smaller studies.[12](#jah34521-bib-0012){ref-type="ref"}, [17](#jah34521-bib-0017){ref-type="ref"} In the PARTNER analysis, among patients undergoing TAVR with severe symptomatic AS at high or prohibitive risk for surgery, an SBP of 100 to 129 mm Hg compared with 130 to 170 mm Hg at 30 days after TAVR was associated with higher 30‐day to 1‐year all‐cause and cardiovascular mortality. Further, compared with an SBP of 130 to 139 mm Hg, 30‐day SBP 100 to 109, 110 to 119, and 120 to 129 mm Hg were each associated with increased mortality in adjusted analyses, whereas 30‐day SBP 140 to 149, 150 to 159, and 160 to 169 mm Hg were not. An association between lower 30‐day DBP and increased mortality was also observed, even after adjustment for 30‐day SBP and other clinical factors. The findings reported here not only confirm these prior observations in a larger study population and extend them to one including patients at intermediate risk for surgery and those undergoing SAVR, they also emphasize the importance of considering DBP and not just SBP. We also examined other relevant clinical end points, including non‐cardiovascular mortality, repeat hospitalization, stroke, and myocardial infarction and considered whether additional clinical factors (eg, frailty, valve size, TAVR versus SAVR, and aortic dimensions) might alter the relationship between blood pressure and mortality. We observed relatively modest correlations between pre‐AVR SBP and early post‐AVR SBP (0.32) and between pre‐AVR DBP and early post‐AVR DBP (0.28), emphasizing the known effects of valve replacement on the arterial tree.[18](#jah34521-bib-0018){ref-type="ref"} Based on the sensitivity and interaction analyses, our findings are unlikely to be confounded or altered by paravalvular AR or LV function, neither of which was associated with mortality in this cohort. While the significance of paravalvular AR may be underappreciated by transthoracic echocardiography and the mean early post‐AVR DBPs may be lower than expected, the early post‐AVR DBPs are similar to those observed in other series and unlikely to be substantially related to post‐AVR AR because those undergoing TAVR and SAVR experienced a similar 5 mm Hg drop in DBP after the procedure and significant AR occurs rarely after SAVR.[12](#jah34521-bib-0012){ref-type="ref"} With weak correlations between both early post‐AVR SBP and DBP and clinical, frailty, and echocardiographic parameters, it remains unclear what factors underlie a lower blood pressure after AVR.

The relationship between blood pressure and mortality is known to follow a J‐shape in the general population, particularly with respect to DBP.[19](#jah34521-bib-0019){ref-type="ref"}, [20](#jah34521-bib-0020){ref-type="ref"}, [21](#jah34521-bib-0021){ref-type="ref"}, [22](#jah34521-bib-0022){ref-type="ref"}, [23](#jah34521-bib-0023){ref-type="ref"} Such a relationship has also been observed for patients with asymptomatic AS before AVR.[24](#jah34521-bib-0024){ref-type="ref"} Lower DBP is associated with increased myocardial damage and increased angina, which may be exacerbated in patients with concomitant myocardial hypertrophy.[20](#jah34521-bib-0020){ref-type="ref"}, [25](#jah34521-bib-0025){ref-type="ref"}, [26](#jah34521-bib-0026){ref-type="ref"} Interestingly, the DBP cutoff below which risk increased (\<60 mm Hg) was lower than observed in other populations, and there was no increase in risk associated with higher DBPs (up to 100 mm Hg). Analogously, we observed an increase in risk for early post‐AVR SBP \<120 mm Hg, but not for higher SBP values (up to 180 mm Hg).

As previously speculated, these findings may be related to (1) the implanted prosthetic valve and displacement of native valve leaflets into the sinuses which may alter flow from the aorta into the coronary arteries requiring a higher aortic pressure to maintain coronary flow; (2) left ventricular hypertrophy, diastolic dysfunction, and a higher left ventricular end‐diastolic pressure which are common in patients with AS treated with valve replacement and tend to reduce coronary perfusion pressure; or other reasons.[12](#jah34521-bib-0012){ref-type="ref"} With data available to us from this device‐focused trial, we are unable to elucidate the mechanism(s) for our findings, which will require further studies. While it cannot be ruled out, reverse causality as an explanation for our findings is unlikely. The associations between early post‐AVR SBP and DBP and clinical factors and measures of frailty were extremely weak. Further, we adjusted for comorbidities and post‐procedural complications in our multivariable models. Finally, the associations between lower SBP and DBP and increased all‐cause mortality were driven by the association with increased cardiovascular mortality and not non‐cardiovascular mortality.

These findings have important clinical implications. There are no guidelines for blood pressure targets specifically for patients with a history of AS treated with AVR.[1](#jah34521-bib-0001){ref-type="ref"}, [2](#jah34521-bib-0002){ref-type="ref"}, [3](#jah34521-bib-0003){ref-type="ref"} Implicitly, then, blood pressure guidelines for the general population would apply, specifically targeting a BP \<130/80 mm Hg in these patients.[3](#jah34521-bib-0003){ref-type="ref"} However, our data suggest that these targets could be harmful for patients who have undergone AVR for AS. Early post‐AVR SBP below 120 mm Hg is associated with an increased risk of mortality and repeat hospitalizations. Further, our data highlight the adverse association between low DBP and clinical outcomes, which is not considered in treatment algorithms that generally focus on SBP targets. Among those at increased risk for mortality with DBP 30 to \<60 mm Hg (n=867), 342 (39.4%) had an SBP ≥130 mm Hg, making them candidates for initiation or intensification of antihypertensive therapy which would expose them to additional risk from an even lower DBP. We acknowledge that a SPRINT ancillary analysis showed that although patients with the lowest DBP had increased risk, the treatment benefit associated with a lower target SBP was consistent across DBP groups, including those with the lowest DBP before randomization.[27](#jah34521-bib-0027){ref-type="ref"} However, unlike SPRINT, in patients with AS treated with valve replacement we observed increased risk associated with the same SBP levels targeted in the intensive treatment arm.[6](#jah34521-bib-0006){ref-type="ref"}

Our data suggest that rather than focusing on treatment of high blood pressure to reduce risk in patients treated with valve replacement for AS, we should focus attention on those with lower blood pressure and consider reducing doses or eliminating blood pressure‐lowering medications to reduce risk. Relevant to this, many patients with lower blood pressure values were on ≥1 blood pressure‐lowering medications. Further, these patients were not rare. Patients with an SBP 90 to \<120 mm Hg represented 21% of the patients in this analysis and patients with SBP 100 to \<130 mm Hg represented 47% of the patients in the PARTNER analysis which included those with 30‐day SBP between 100 and 170 mm Hg. Similarly, a DBP \<60 mm Hg is observed in a large minority of patients recently treated with valve replacement: 30% in this cohort and 40% in the PARTNER analysis. Figure [4](#jah34521-fig-0004){ref-type="fig"} shows that among patients with a discharge DBP \<60 mm Hg, survival between 30 days and 1 year was better if their 30‐day DBP was ≥60 mm Hg.

Several limitations should be considered when interpreting our findings. Although this analysis averages 2 blood pressure values taken in the early post‐AVR period (discharge and 30 day), that is still a relatively limited number to characterize a patient\'s blood pressure. Blood pressure measurements were obtained according to the standard of care at each site and not standardized. Medication data were captured inconsistently across the trials and only β‐blockers and renin‐angiotensin system antagonists were routinely categorized, limiting our analyses on the potential relationship between blood pressure and medications. However, this limitation means that our assessment of the proportion of patients with lower blood pressure values who are on blood pressure‐lowering medications is an underestimate. The actual number of patients with low SBP or DBP measurements early post‐AVR who are on ≥1 blood pressure‐lowering medications is likely higher. Finally, this is a retrospective analysis and our findings could be influenced by unmeasured confounders.

Conclusions {#jah34521-sec-0022}
===========

we showed that lower DBP (\<60 mm Hg) and lower SBP (\<120 mm Hg) in the first month after TAVR or SAVR are each associated with increased all‐cause and cardiovascular mortality and repeat hospitalizations. In light of these and prior findings, a randomized strategy trial may now be appropriate in patients with AS treated with AVR to determine whether patients with lower BP measurements (SBP \<120 or 130 mm Hg or DBP \<60 mm Hg) should have their medication regimen adjusted to allow their BP to rise above these levels. Given the growing number of patients with AS undergoing valve replacement and the large percentage of patients with these lower BP values, clarifying BP targets and appropriate management strategies is both timely and consequential.
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